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4 3 9 3^, Appl. Phys. Lett. 51,913(1987)) , %ti\jz 

/m^Bytmtm^^mtmm^titzm^ (sh 

- B ) (USP No. 5, 085947, # 1¥ 2-2 5 0 9 2t, A 
ppl. Phys. Lett. 55, 1489(1989)) , ^»3gS^ 

i mi t tDffl t *-/u«^i t %%m t m^m&m t & 

JgritSnfcttIS (DHflfiS) (Appl. Phys. Lett. 57, 531 
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[0 0 0 6] 
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Srir&SttU 1, 2, • • ■ n*4»ffi«a»k<0JI# 
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sn^Kiiffli-a^tas-etao ^M^-Hb^w 

0§ 59-194393 #M0S 63-295695 
f) , 1, 4 - x ^/W7^ ^ y ^ J:t/T b 7 7 x 



(4) 



#M¥6- 3 14 5 9 4 



H¥2-2 4 7 2 7 7-^) , MJ * 9 /I^^i? 

(4#M¥3- 2 9 6 5 9 5-^) > ^Xf!)^7^ 

b^ir>si«f* (tri¥3-i 6 3 18 e^-) , -<y J 

7;/t°l/ySiP (USP5, 15 1, * 



6 

* 6 2 9ffiic$^US P 5, 1 5 0, 0 0 6Sf(D^ 
[0 0 10] 



[*1- (1) ] 



E ML 1 




EML 2 




N H(^CH=CH-<^)-CH=CH-<^--N 




EML 3 



MeO 



mj0L JOT 



OMe 





E ML 4 




EML 5 



N 




H=CH 




=CH-<^h-N 





EML 6 



Me 





[0011] 



[SI- (2) ] 



EML 7 



(5) 



#M¥6-3 14 5 9 4 



8 



n-Bu _ ^ n-Bu 

^sua jot 



N N 





EML 8 



EML 9 



iso-Bu 



iso-Bu 



N N 




Me 



Sec-Bu 



ja 



Sec-Bu 



N N 



oTa 





[0 0 12] 



(3) ] 



EML 1 2 



EM L 1 3 



EML 1 4 



EML 1 5 



EML 1 6 



EML 1 7 



EML 1 8 



[0 0 13] 




[*1- (4) ] 



11 



EML1 9 



(7) 





#l¥6-3 14 5 9 4 

12 . 



EML2 0 





-o-O 



EML2 1 





EML22 




Al—0 — Al 




EML 2 3 



CH 3 - 




Al — 0-A1 




USP No. 4, 1 7 5, 9 6 0, USP No. 
4, 5 3 9, 5 0 7, 4#M0S6 3-2 6 4 6 9 2 -§\ # 
1^4-3 0 8 6 8 S^CioTM^ft-O^t;^ 



Sr*iJffli"5r tm5c Sfc, USP No. 4, 7 
30 2 0, 4 3 2£M^£frTV^#y 7>r !> & 

[0 0 15] 
[*2- (1) ] 



(8) 



13 



Me 



HTL I 




HTL 2 




HTL3 




HTL4 






N. 



OMe 



HTL 5 




N 




Me 




N 




Me 



HTL 6 




N 




Meo 




N 



OMe 



1*2- (2) ] 



(9) 



m¥6-'3 1 4 5 9 4 



15 



N Me 



16 




HTL7 



N 





HTL 9 

HTL 1 0 

HTL 1 1 

HTL 1 2 

HTL 1 3 

HTL 1 4 

HTL 1 5 

HTL 1 6 

HTL 1 7 

HTL 1 8 

HTL 1 9 
HTL 2 0 



HTL8 




30 



[0017] «^ffiJMfc£**mi -n*-e« 

i/-/HR&'>ft < t 1 o«±^tfft^-e&5o * & 

T/-/Wt^tt> Appl. Phys. Lett55, 1489 (1989) J; 
If 0 *ft^tel540 (1991) MM^ £ tit V ^5„ ^T* 3 

# JE ft * v>T V—MY&m <o MrfcM £ 

[0 0 18] 

[*3- (1) 1 





[0 0 19] 



[*3- (2) ] 




[0 0 2 0] 



[*3- (3) ] 



21 



ETL9 



(12) 



#f^¥6-3 1 4 5 9 4 
22 




CF 



3 



ETL 1 0 



OK 




0' /3 



ETL 1 1 




ETL 1 2 




ETL 1 3 




ETL 1 4 



I 

CF 



3 



ETL 1 5 




[0 0 2 1] 



[*3- (4) ] 



23 

ETL 1 6 



(13) 



tbu 



#BB¥6-3 1 4 5 9 4 
24 



tbu 



ETL 1 7 



ETL 1 8 




ETL 1 9 



! 

CF S 




ETL2 0 




ETL 2 1 




ETL2 2 




[0 0 2 2] 



»3- (5) ] 



25 

ETL2 3 



ETL24 



(14) 





#lf 6-3 14 5 9 4 
26 



ETL2 5 



CF 

CF 2 



ETL26 





ETL2 7 




ETL2 8 



\ Cp3 



10 0 2 3] Sfct, *5S58(OllEL*f©*m 

[0 0 2 4] 
[«4- (1) ] 

ETL 2 9 TA^^A h U ^t^r^ 




ETL 3 0 S/£ A tr* 



etl 3i tr* Hy/-8-^/!i;^) £ft 

30 ETL 3 2 fc** (2-^f/l"-8-*/!l/7-h) 

ETL 3 3 hVXtti/y 

ETL 3 4 7^;^^Hi^ (S-^fvU:*-*^ 

ETL35 

etl36 #y #a h y 

ETL 3 7 ^/Ui/^t:^ (5-^PPt^f*>y) 

E T L 3 8 ^° y (Eft (I I ) — tf ^ ( 8 - t K p * 

40 etl3 9 ^y^A^tr^Ky 

[0 0 2 5] 
1*4- (2) ] 



27 



ETL4 0 



(15) 




Al-0-£5 




#|J|3F6-3 1 4 5 9 4 
28 



ETL4 1 





Al-O-O 



ETL4 2 




ETL43 




Al— 0 — Al 




ETL44 




Al— 0— Al 




[0 0 2 6] Ifc, USPS, 1 5 1, 6 2 9MUS 
P 5, 1 5 0, 0 0 6E*©lf^Sl^JB*V— bit** 

1 , 4 7 m * ^ J; tff h 9 7 1 * 

**^y /wo-t? v-^ti^ bf^^^y/ur^ 



[0 0 2 7] 
[«5] 



29 



ETL4 5 



(16) 



OMe 



0 OMe 



ftfl|3F6-3 1 4 5 9 4 
30 





ETL4 8 



ETL4 9 
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[0 0 3 0] KT> HSK*BoT*»WS:*fcfc»*IB*- 
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[oo3i] ^mw<n^m.m%E LifiiELifict 

mtiMt^m J:ffffltSrM s I4H/\ S & I- - <£> J: 

jB-e£5*°y -v-e-^Ji LTti, sKy*^u>\ #y 
bfn/nv>3i>, sKy-N-tf^/u*/^ % /^K *°y io 
^^/M^^y sRy^w^y^ k ^y 

/^5^^A^c:ixfc«)#Aab5i^H:il{k^X (Sn 
OO , 8b(kxX-<(>'W& (I to) , a£{t«fc 

y r y — u^^«att^ G y -v— ftif&jBv^s 
^tc» s o %«_t^jSii*£^i-& - 1 U\ 

[0 0 3 3] *»WK:l3^tf4, aW»SSraw*4R± 

I pc (3. 5 OeV) >Eael (3. 0 
[0 0 3 6] \mm 1 («^ftA«jit«/j^l^^^ffM 
£^6*1^) 

flt^aAiSlETL 2 9Sr«»Lfc£Jl^ H*0ii 

tt^a^wff^5 o o A^r ufco z<Dm&, titsai 

3 0 m A/ c m 2 ^gtjgTt 5 2 0 c d /m'(Di 

%mm, fitEl 0V«KW: o l H* 

BBiKia«"ett2 7 0 c d/m 2 , 1 0«Fl«ai8«"t?tt» 

4 3 c d /m t^2 tt&tM&m Ufc 40 

[0037] HJ6M2 (^-/uaAnaisxvm^ttA 

»l*-/M£A*iaSJi£: UTR)?2 5 oAw«7^d>' 

T^^ (HTL18) (CuPc) 4:118 fc, iS2*- 
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$11 fcRSHCELSJ^Srf^Lfco fc/2U »2*-/i' 
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ITO W^^^Agltt : Hfiift2 0 Q/D) 

;vn^;H: i TOK«Sr5^WRi(lL,' JP*M£*Lfc„ 

/V&AWK&1WWHT L 1 £ 1 0~* torr (DM'Si 

TTT^^^SoSSrJpJRl'tSrilciO 4 0 oA^M 
Lfc 0 SHtaWWEML 1 Sri 5 OAlflt 

#cl£, i2l^AiS!ETL l £2 0 0 A, Sbtc 

fB l « J P&WHa6Ji E T L 2 9 S:' 3 0 0 AiR# U ft@t 
lao : 1 <£>K^J£tf)M g A g 2 0 0 0 A^M L 

fc 0 ;l£>± 5icLTf^L^EL*^^SI±Mitm, 
3 0mA/cm 2 (Dm^ff(Cio^-r,IEi!]Mi±8. 9 
V, 3BWJt 6 2 0 c d/m 2 £r^Lfc 0 ZtD^ 6 0 
6 6 8 c d/m 2 , 1 Omm&W&Xh 4 3 



0 c d/m <nm»g.ZtmVtc 0 WJt*'<? WWi4 

2S J f-iiA«i^Ji^S : f-ilft^^2. HeV.flt 
T aA*3&» 3 . OeV, ^8^tt*B8 
Sett 3. 5 0 e VT'&9, RE ©HffiSSrSiJe 

eV) >Eae2 (2. 1 4 eV) (111) 
&A%tii£M<DBm%2 0 OAt Ltz 0 r<D#g\ «JBEPP 

ADdHL JtWIETKis^T, 35»»K4 9 2 c d/ 

m 2 , Ktb«£E5. 3V3W«aiSil, 1 OlSIBfiiittlC 
fcV^Tfc 2 6 0 c d/m 2 ^ffiil¥S^WJ^tu> fftAtt 

icS^EL^-efoofco i^i^J: ^-/uftAWi 

*S^5 0 r<7)#*t*5U^T, ftffit*5ITOtffi© 
^yWr^/Wilpa = 4. 5 3e*V; »1* 

-^&A^mm(oj*>{k^>>^-rM$ i P h i = 

4. 9 7 e V, %2^—^XW\^M<D^^^\t^ : ry 
"y^M% 1 p h 2 = 5 . 08e Wfo *) , 1 Eft 

Ipa (4. 5 3eV) <lphl (4. 9 7 eV) <lph2 
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STF^ 2 5 0 c d/m <E>3S3feffS, KftfUE 1 1 V 
timm&tl, 1 O^Pflgiamf-fc^Tt 100cd/m* 

I pc (3. 5 0eV) >Eael (2. 6 0 eV) >Eae2 (2. 14eV) 

[0 0 3 9] »J4 (Ht^iiAiSi^t^^^ 
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Ipc (3. 5 0eV) >Eael (2. 7 0 eV) >Eae2 (2. 1 4 eV) 

[0 0 4 0] JtiRW 2 

T-aA^gtcTiE^y i-^mmfc (pv> «rja^fc 0 



(VI) 

★ fc, n^^T-S: 3 OmA/c m 2 ^!EitTTlBAt*l£ 

1,^2 BLAWi&s^m^mujj t mm<Dj±mM 
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l^T, »»«J±6. 6V, «*Ul4 9 0 cd/m\ 
£^Lfc 0 *<7>«, 1 OR*IWfe«flrCfc 4 0 0 c d/m 
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5 3 0 c d/m 2 , Sr^bfco *<D^ 6 0# 
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HUE*** a * 1 

[«IE*ife] SE3E 
IffljErtS] 

[♦If £ ] 

i*JKEL*iP 
[#Wft*Wt5H] 

v > T , * -/^AftiSJf ffS AftiiJI »'M<H 



1, Eae2, • • • Eaen (r ^ T"n {IS^iiAlwiSJi^ 
nl/O^Wj^ih/T^-Sr t&IC*U 1,2, • • • 

nttlMW*»fc©m#«r«*i-5. ) *«lSa<ott*B8» 
wft (l P c) fcTK* (I) »i«^U 

•>-V/K£)f£ I phi, Iph2- • • Iphm (d ^fmW:**- 
A-& Aijii£Ji ^mf^ & nt </ ^ r. t SrS* U 
1, 2, • • •miili«>f J »It*Mt5„ ) a* 
^ffi«tt*M*rofjI (I pa) tTtas (II) wP«&ii 

IpcSEaelSEae2^ • • -^Eaen (I) 
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I pa^ I phl^ 1 ph2^ • ■ • ^ I phm (II) 



1. Iph2« ; ■ I phm Cl r. t f mft^- /l^&A>5n3IJBa* 



I paS I phlS I ph2S •••SI phm (II) 

[»**3] /m km /m*#. xMi&m /mm - 

At8l&m<D&*<OW&&%it><nffi.Eafil. Eae2. • • • 
XV^ZJ^±M&1^ 1-2. • • ; n£BMMMz£. 

E L 

I pc^Eael^Eae2^ • • -^Eaen (I) 

[11**4] iitt<(t Wk<»m**bMfiLisiriZ> 



2Xte3lEic<^ti*i8E 
[0 0 0 1] 

[0 0 0 2] 

*fcM#v\ crt i 5 tffi^ft^-e^r^^ffia^ 
as*, 5 as, «t*Kttaa«*ffl-T?«*asifwft, £fc 

[0 0 0 3] frflUWRE L»T-fl!)*^*Jfti LT^rtl 
4 -CKodak^C. W. Tang <fc o £ tlfc 2 H#ig 

a>?FM$tLfc«3g (SH-Ams) mmms 9-19 

4 3 9 3^, Appl. Phys. Lett. 51,913(1987)) , iLWjz 

/um^^Mtm^m^stmm^ntzm^: (sh 

— B) (USP No. 5, 085947, 2-2 5 0 9 2f, A 

ppl. Phys. Lett. 55, 1489 (1989)) , i£fl3jlf#5g (|Mi 



JKJ* S iXfcfllifi (DHfS3g) (Appl. Phys. Lett. 57, 531 
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fcT\ ?0WWtttl 0 0 0 c d/m 2 K-h^Wfe^^* 
[0 0 0 4] C.W.Tang&K«toT«3B**tfcSH-A« 

^Jlt-by* (8-*yy/-^) r/i^~^ 

^ti^ftffiA^^^asjsiti^**^ b (^-ry-t- 
s*^*>f b) asjsasu, -twfc»*Kttii:*fl:asftc 

>y ^iBS:^ri-5*^v*asaasfipfiELftv^ft 
k ± $ u w*{tas4 t ^ 5 BBH^asfc 

as, Jiftcotr^, «^^Ji^^0 H 0 ft:as?i^sri-^ 

[0 0 0 5] BAttfp)±C0 10(0|*^t LT, C.W.Tang 

6 tt s H- Attfigt£*-/H£AJ1 S:# A tfc 3 JiWifitc 

ct (#WBS 6 3-2 9 5 6 9 5^) N »ffia»fc*— 

^3 J: t«8 3fc 1 ^ <o * - AKM * ffiT S * 5 d 

tr«Attcofn]±aswtg?sr fc^ftur^So 

aat^5B*ft»ttKti-asjK«-c?*)5 r. t aq3]o-c 
^-^aAiaai-^s^mfi^^i^i-^T 

Pitt S ft fcas, Wj^^^tl^ « ftRfhitft-tt*^: 
[0 0 0 6] 

y ^T-SEAlSrJfA-t-Sr tt<t 0, 

[0 0 0 7] 

*-;vaEA»S»/«*»/«^ttA«^»/l*Sa^ 

ts j faA«i*]i^ / >^< fc fc-*as2g«±<Djf a> 
fcfto, itsJi^WT-aAiii^s^^^^s-f-a^D*^ 

fjSEael, Eae2, • • • Eaen rTnftt^ttAH 
aJiaSnia»6*J**ixTV^^i:*:#!*U 1, 2, 
n!4B««ia»fe«)l«#*:*!*i-5 0 ) asftS^ft 
S^fit (Ipc) fcTB* (I) ^lf*l£U a> 
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-V/KDfltlphl, Iph2- • • Iphm (* Itmli*-^ 
ii Afli*H tf s mJi t >h ttfj£ $ ixT ^ 5 d t L- . 

1, 2, • • • mttlft*filA»P>Olfi#SrE*-t5. ) # s 
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fflilELligilML 
I pag I phl^ I ph2^ • • • ^ I phm (II) 

hic /m*m /a±a zji^g /BMsa» a 

CDa^Mfn^J^ttEael, Eae2. • • • Eaen 

rMIik i- 2. • • • nttisffifflfl^CTMrefr 
jjj_wfflM£MSd^^±^MiJ^mMllEi 

I pc^Eael^Eae2^ • • -^Eaeri (I) 

ftMiaiJiaw/xH:*^ 1 

[0 0 0 8] #3SH3#«3ftt, jJx-^aAifiSRt/WT-a 

ttfti * ■¥ y -Y-aAi &if A-r s - 1 k <t 9 , »a 



(c*^-aAiiet-K tt tt, ttJKoft^ 1 ■# 

51) X^/XI4l«icro«T-aAfi3Sll (Btfia»e>*3fc 
B'^f&aAWaH^S) SrffA-t-5^ 

flSTfc J; t»Attd |r] ±^I5rt /j s RT^t- 45. S 

a, BP* J ^ic*(73«T-aA#iiJis.o ; i s iicJi'»*-^tt 

AfBlsa^grflExt (1) (11) t^tt-smT-W 

[0 0 0 9] PiTl-#JlEL*^Sr1f)Si-5&*b^W 

-T K{b-g-#l (8 — t Ko^rS^/ y y&R$g#0 (#M 
BH 59-194393 -Sh #HBg 63-295695 
4§0 , 1, 4-v ; 7x=/^i;iytj;U ! f F57i 

W¥ 2-24 7 2 7 7f) , by ^^■f 1 y /l^<^i^fl 
(#M¥3-2 9 6 5 9 5f).« tfX^y/kT^ 
h7-b^f|3ifls (#W¥3- 1 B3186f) , ^y J 

r 5 y §i£ u s p 5 , is 

1 , 6 2 9 fEitRt^U SP5, 150, 006 fEttW t" 
[0 0 10] 
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I) *:*J6i-5aJI03WB^ttlft±fc»*U\ 

[0015] 
[«2- (1) ] 



(28) #ffl¥6-3 1 4 5 9 4 



HTL I 




Me Me Me 



HTL 2 



HTL 3 



HTL4 



HTL 5 



HTL 6 




[0 0 16] 
[*2- (2) ] 



(29) 



¥fffl¥-6 - 3 1 4 5 9 4 



HTL7 




HTL8 




HTL 9 

HTL 1 0 

HTL 1 1 

HTL 1 2 

HTL 1 3 

HTL 1 4 

HTL 1 5 

HTL 1 6 

HTL 1 7 

HTL 1 8 

HTL 1 9 

HTL 2 0 

[0 0 1 7] 



T /Hfrfr#H4, Appl. Phys. Lett55, 1489 (1989) *5 J; 
tJt 0 ^ft¥#t£l540 (1991) § ttT V > 5c WT: 

[0 0 18] 

[*3- (1) 1 



3 



(30) 



#BI¥6-3 1 4 5 9 4 



ETL 1 



ETL 2 



ETL 3 



ETL4 



ETL5 





[0 0 2 0] 
[*3- (3) ] 



(32) 



ETL9 



0' /4 




ETL10 



ETL 1 1 




ETL 1 2 




ETL 1 3 




ETL 1 4 



O 



CF 3 



(33) 



#^¥6-3 14 5 9 4 



[0 0 2 2] 

[*3- (5) ] 



ETL1 6 



tbu 




tbu 



ETL1 7 



ETL 1 8 




ETL 1 9 




ETL20 





0' /4 




ETL 2 1 




ETL22 



s 





(34) 



#M¥6-3 14 5 9 4 



ETL2 3 




ETL24 



( 





C=CH^(0 




0' /3 



n 



ETL25 



CF 3 
I 

c— 

I 

CF 3 



ETL26 





ETL2 7 




CF 3 
I 



I 

CF, 



ETL2 8 



CF 3 
1 

c— 

I 

CF 3 



[0023] s&k, ^mmomm^Lm^^m^AA 

[0 0 2 4] 
[*4- (1) ] 

ETL 2 9 T/W^A h U ^^r^V 




ETL 3 
ETL 3 

7-^ 5 — 
ETL 3 
ETL 3 

ETL 3 
ETL 3 
ET L 3 
ETL 3 
i/- 5 - 
ETL 3 
[0 0 2 
[*4- 



5 y^A^^V 

7 (5-^npt^yy) 

8 (iE» (I I) -IT* 

5] 

(2) ] 



ETL 3 0 '^*v'£ AIT 



(35) 



^¥6-3 1 4 5 9 4 



ETL4 0 




-o— 




ETL4 1 




o-O 



ETL4 2 





E TL4 3 




Al— 0— Al 




ETL44 




Al— 0-A1 





[0 0 2 6] Sfc, USPS, 1 5 1, 6 2 9MUS 

p 5, 150,00 etafc^^^S^a^^ 1 - Mfc** 

1, 4 *J7^~>\'79*J^l'&iXFT h77x^/^ 



<y 

[0 0 2 7] 
[*5] 




ETL4 6 



ETL4 7 




ETL48 



ETL49 




ETL5 0 




[0028] K±ic^ffl*«^aA«ffi*m«)*ff«*: 
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«xfcft:£* Srff ffl i" 6 ^ t a«a * L v \ $ fe tc r. <D X 

fflt#5^yv-e^iiLm ^y^w^ *°y 
t^Astttvys— K #y^w?y^h, ^°y 

[0 0 3 2] ftffiWR-iLTtt, 
O.) , Wtik^X-^ysV^ (I TO) , afrflriHft 

[0 0 3 3] *»HH»V^Ttt, 3891BMi«rSE£«± 

I pc (3. 5 OeV) >Eael (3. 

[0036] itKfl i m^&Am&m^mfrbifM 
£ti&*§#) 

At 1 ffiAIKSI E T L 2 9 t*» LfcB^ *tt$l 
tfti£Jl<fllRJ¥& 5 0 0A^tfc o r^ii^ «BER3Jnii: 

ft, 3 0 m A/ c m' (Z)ttiT^ 5 2 0 c d /m'(7)I 

lifEiovMiJixfco t^5^ in* 

W^i§ftX*f4 2 7 0 c d/m\ 1 OB^BRaftT'tt* 
ftffjt4 3 c d/m 2 £SS2«^a=Atti£Ji*«lfrLfc 

t-lt-<l . 1 ViSi/^ttSr^Lfco rcor 

[0 0 3 7] H»J 2 (^-/^AiiSiX^aA 
^il /j^tifti2i^fcMJn^ »30 
?1 *-/H£A*liiSf i Itlf 2 5 0A^)«7?a^ 

I pa (4. 5 3eV) <lphl (4. 

) 

[0038] n*#y 3 m i «-fffiAtt^s^^r^^ y 



[0 0 3 4] 

[0 0 3 5] »»J 1 («^ttA*£* #2* 



1 TO (>f : M88t2 0Q/D) 

/UffiAHiSBWfl-HT L 1^10 " R torr COK^ 

Tt?T^5^5offSr*nlfti-5r itc£5 4 0 oASg* 
Lfc 0 2fcH, IMWEML l Sri 5 0AS*tfc o 
#Cfc, i2i^aXiiSlETLl?:2 0 0A, SCfc 
» 1 Wf-ftAfltiSJl E T L 2 9 £3 0 OAffU ftft 
M 1 0 : 1 (OjRT-JtWM g A g 2 0 0 0 L 

fc D Z.<D£ 5^UTf^Lfc:EL^ttl:BEfflinDt:ft> 
3 0mA/cm 2 O«^S(C^^TIlKtl3*:J±8. 9 
V, H»g6 2 0 cd/m 2 ^Lf: o -t^ft, 6 0 
6 6 8 c d/m , 1 0 M&ifift-efc 4 3 
0 c d/m 2 (DS«S«t}#bfc 0 JSft*'** WW* 4 
7 5 nrnfeWt Lfc#fe^*^fcofc 0 r<7)t#, 3! 

2 Mi^AS^S ^*-7-SlfP^ (4 2. HeV.flt 

^Ai^Ji^S^ilfn^te 3 . OeV, iifii<E>tt*M 
Sett 3. 5 0 e VT?*>9, IS**ieil©BBflR*S:SllJi 

OeV) >Eae2 (2. 1 4 eV) (111) 

(HTL18) (CuPc) SrB&ffifc, S52*- 
/^Att^* (HTL1) ^#B^SALfcW(j:Il 

ffA^iiSJi^IIJ?^2 0 0 At Lfco BEHl 

3e«*TK*5^T, ^*ffiS4 9 2 cd/ 
m\ iiIEE5. 3VAS«aj$n, 10B#M&iBftfc 
^oV^T t 2 6 0 c d/m" ^ifcffft^aJStl^ BAtt 
t*tpEL* : f"Cfcofca r^-i±^ ^-/^ftAft 

%n t &Ammm ^m^m^ bB&irz> ^ticx 

^tWWr^>1'/Wilpa = 4. 5 3eV, 
-/^AftlB W^f tvfWf ^ v'ir /HI l P h 1 = 
4. 9 7 e V. S?2*~A-£AlfiSf ^ tyft*7y 
->-y/W4 1 P h 2 = 5. 0 8 e V~e&9, tt**lfE« 

9 7eV) <lph2 (5. 0 8 eV) (III 
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fc 0 «flEPP*PE«^ 3 0mA/cm^gt 

STt\ 2 5 0 c d/m* ^ftffJ^ fKft*J£ HV * 

I pc (3. 5 OeV) >Eael (2. 
[0 0 3 9] HJ£#ij4 (^lWT-ffiA^il^^^^^ 

3, mimi-&xm^m\^iry^^ * ki^etl 

Ipc (3. 5 OeV) >Eael (2. 

[0 04 0] St&M 2 

HifcMl irlnl«tCEL^Sr^Lfc 0 fcfcU 111 

T-iiA^StcTIS^y L/yi»* (pv) SrJB^fco 

Ipc (3. 5 OeV) >Eael (4. 

«^^^i-^l»«tS^i±A^a^S^-^ttK^|| 

[ft2 6] 



* asfcaiSfu 1 0«FlBfiKi«|CtS^Tt 1 0 0 c d/m 

aft^^2. 6 0evtaat)bii> ti*^iBftcoBi 

«*SrKiJ&i-5. 

6 OeV) >Eae2 (2. 1 4eV) (V) 

»«tT"C, 3 2 8 c d/m 2 tf>3&3fcJ«tt, «ft«EE9V2i* 
MS'JStlfco 1 ^Si&S(-ft^Tte5 2 8c d/m 2 

©«5ti»«a«fRastb, i o^iwaaftt?t) ioocd 

7 OeV) >Eae2 (2. 1 4eV) (VI) 

3 OeV) >Eae2 (2. 1 4 eV) (V) 

# [0 0 4 1] HJfc#l 5 ~ 8 

*j*WtfcR. UW A#tt o v > T S1"o 

[0 0 4 2] 
[«7] 




PV 





HTL 


EML 


ETL 


0P#W 
(cd/V) 


mm 

(cd/tf) 


i omm 

(cd/m 2 ) 


IS 2 B 


s§ 1 b 


5 


HTL3 


EML1 


ETL1 


ETL29 


530 


730 


440 


6 


ETL1 


EML2 


ETL1 


ETL29 


650 


570 


440 


7 


HTL 3 


EML3 


ETL1 


ETL29 


740 


625 


470 


8 


HTL3 


EML4 


ETL1 


ETL29 


400 


480 


390 



[0 0 4 3] ^JSffl 9 (/Wx.iKIb) 

1 1 *-/W£A<«i£Ji H T L 1 

fSftJl EML 1 

% 2 «T-&A«iD&f E T L 6 

m 1 m-f- aA«ji£Jl E T L 2 9 



4 0 OA 

1 5 0 A 

2 0 OA 

3 0 0 A 



Z<D£ 5^LT{^LfcEL*T-^rt: 0 -^*i5EfiS3 0m 
A/cm\ JS$tf& 1 0 0 H z <DtGM&V%m Ltc t 
5, ffl#S8 5cd/m\ PifJE6. 2V^t 
fc 0 -tWft, 2 0 1 l*BBSKiftt*5V^Tt> 9 7 c d/m 
'(DlS^ffS (HKSflES. 6 V) Srlt«FLT*5D, S 

[0 0 4 4] HS0y 1 0 

Sttt«2fclBl«»c:EL*^S:ffjaiLfc 0 fc«U I2f 

JflEtfL 3 0 m A/ c m 2 ©£«flrFfc*5V ^T^*#J 
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60cd /m , m 



ttJ±6. 2V^*U 17 OBfM 

ttlC*tp*S*a s ftb*t*i„ :icO«^ETL2 0Jl<D«* 

I pc (3. 5 0eV) >Eael (2. 5 0 eV) >Eae2 (2. 1 4 eV) 



(VIII) 



[0 04 5] S»J 1 1 m^ftTJMHSlsJS 3 Ji3l»6» 



I TO (>f Ammit^O : hffifei2 0 Q/D) 

7;^-;H: I TOKtRft 5 3frBS*U J0«\^*t 
fc 0 ^^SAiiiiPHTL l^rlO" 6 torrW 

mmLtz a &fc»jMW»EML lftl 5 OAffl 

3iT-SAiiiETL 1 4*1 5 OA, $ 



2l^AftiSlETL6^150A N S&fc 



^ £ AtlSJi E T L 2 9 5:25 OA/MU Sc&M 1 0 : 
l<PiK^Jfc<0Mg AgtS52 0 0 0 AMM Lfto Z<D 
£?tcLXimi'tzELm?l*nJ£mm i &, 3 0 mA 
/cm 2 (D*ffiS?ffi^^o^T N ffitdS:EE7. 6 V, 
»g5 10c d/m\ SrSLfco 6 0#&i& 

»6 10cd/m\ 10«Mtt4 2 0 cd/ 

JlC0m- : f-SfP^^2. 1 4 e V, f?2«^£A«H£)l<£> 
■^aft^tt 2 . 5 0 e V, % 1 H-T-aAfliS 
«ft*f4 3. OeV, £ffitf>tt*BI«ti: 3 

II#*ilEft<BHffi**W£1"So 



(7) ST* 



5 0 e V"C 



Ipc(3.50eV) >Eael(3. OeV) > Eae2 (2. 50eV) > Eae3 (2. 14eV) (IX) 



[0 0 4 6] HJfeM 1 2 

» i /uaAHaiB i iti7^n^> (CuP 

c) (HTL18) £2 0 0 A, S£ 2 ^-^A^JI 
t LTHTL 1 ft 2 0 OAffl^fcWtt^lfctll 1 t P 

it- ti-WEEPpjqfi:^ 3 0 m a/ c m 2 o«jK*sic*5 



CJBE 6 . 6 V, 8»S4 9 0 cd/m, 



ft^Lfco 10ftragi«ft)4 0 0 cd/m 



★ Ll 8) 4:2 0 0a, l2^;vttAi«ItttHT 

L 1 ft 1 5 0 A, % c 6 *-/^AtSlHT L 2 ft 1 5 
OA, MiEML 1 ftl 5 0 A, H2«T£A«o£Jl 
ETLlft200A, » 1 i^SAii^iET L 2 9 £ 

3 0 0AIIU ft«tMgAg^tBSr»*Lfco 

r^±5^urfPritLfcEL3li J Fttftffia]ait«, 3 0 

mA/cm^iS«lSl:*J^T, ffi«J«BE 6 . 4 V, 
M»S5 3 0 cd/m\ ft^Lfc 0 ^<Df£, 6 0# 
ft»*5 6 0 cd/m\ 1 OWMSiS^t 4 6 0 c 

d/m 2 ©JKWC*:ll«rLfco ^^*T icfcv^T, Jg2 



«TSlA 



[0 0 4 7] HSS#iJ 1 3 

aAiSlttt«7?p^7^y (CuPc) (HT* 

Ipc (3. 5 OeV) >Eael (3. OeV) >Eae2 (2. 1 4 eV) (X) 

1 1 *^ttAiSi^-f tVjWr y v/-t/Wi ^fl^y^S^/WiS. 3 2eV-C*>5 

4> 9 7 e V, ^2^-/^Ate^H^^^>'>ft:^y 1 >' BB«aS:WJ£i-5a 

v^/UtSS. 0 8 e V, f?3*— /^AlS^lgCO^^-^ 

lpa (4. 53eV) < lphl (4. 97eV) < lph2 (5. 08eV) < lph3 (5. 32eV) (XI) 



|(D«^|P^(i2. 14eV, Sltf 
ftA#i*l^«:T-i&fP^{i3. OeV, Itffi^ttW 

li 3 . 5 e VT'fc «9 , l Bf^H«*fci*JB1" 

So 



ft*«2ia*^ 



[0 0 4 8] OMW 3 

% 1 ST-&A«iiSi \C E T L 1 (2 0 OA) ftS?2«T- 
£ AtiiiSf E T L 2 9 (3 0 0A) ftfflV\ ^Blfi^r 
rcoJ: 5t-LTf^lSLfcEL*T-^«|EMnE 
3 OmA/cm :^ <Z)m^«J^(C^oV^T, .IEti3*JE 
8. 4V, M»S5 17cd/m\ ^IfA 1 

oftlfl&ilftfc l o o c d/m 2 HT«»St^# ♦ 

Ipc (3. 5 OeV) >Eael (2. 

[0049] mmm 1 4 

lSitUt«7?07 = y (CuPc) (HT 
L18) SrlO" 6 torr^K7/^«oft 

*Pf»-T5r irfcj: 9 2 0 0AlfLfc B fg2* 
— /M£A«lftj£S £ UTHTL 1 ft 1 5 OA, ms-^-yu 



IC*5^T»4 7 5nmWt LfcWfe^E L«3fct?fc 

fe**^fcofco ^©*?tl3^T, iglST&AfliS 
Hr7)«^ft^»2. 1 4 e V, » 2 flt^ftAttSiBtf) 



«^-afP*tt3. OeV, Bffit7)tt*BI»f4 3. 5eV 

Tf*5, ft*«lE*^Mff^ft«SL^^ 0 

1 4eV) >Eae2 (3. OeV) (XII) 

&AWi&S t ITHT L 2 ft 1 5 0 AS£* Lfc D 
^IttftEMLl^lSOAiflf^ gf3Hff-£A 
illETLl^rl 5 OA, l2tfftA((l*lETL 
6ftl50A, JbCSlffitAiilETL29S: 
2 5 0AIIU fttaO : l©^(DMgAgf 

«r2 0 0 0AJK*Ufco r©J;5l-b-Cf^j*LfcEL 
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mffi7. IV, i«g5 2 3 cd/m 2 t 



7 



muJjte'S. OeV, ^ffi^tt*B8Sfctt3. 50eVT 
*Lfc. 1 0HpnSjBtt-Ct>4 8 0 c d/m fo 5 , If #Jg 1 >»<Z)H«*S:WJ61"5. 

Ipc(3.50eV) >Eael(3.0eV) > Eae2 (2. 50eV) > Eae3 (2. 14eV) (XIII) 

->^/U»5. 0 8 e V, /^AWiSH^^"^ 

Ipa(4.53eV) < lphl (4. 97) eV) <lph2(5. 08eV) <lph3(5. 32eV) (XiV) 

[0 0 5 0] mmm 15-22 * fift*I l IE*t<0H«*<rt*J&t-5o 

Hftftll tlSI«tEL*T-(D^S:fTofc 0 J^T^StS [0 0 5 1] 







* 


[*8] 










HTL 




ETL 


omm 


lWtfffl 


1 omm 






3S2JR 


1 


(cd/rf) 


(cd/m?) 


(cd/m 2 ) 




15 


HTL1 


EML1 


ETL2 


ETL29 


670 


630 


360 




16 


HTL1 


EML1 


ETL11 


ETL29 


494 


350 


150 




17 


HTL1 


EMLl 


ETL13 


ETL29 


680 


620 


420 




18 


HTL1 


EML1 


ETL12 


ETL29 


790 


680 


310 




19 


HTL1 


EMLl 


ETL7 


ETL29 


78 


113 


145 




20 


HTL1 


EMLl 


ETL5 


ETL29 


115 


201 


134 




21 


HTL1 




ETL5 


ETL29 


460 


430 


280 












22 


HTL1 


EMLl 


ETL9 


ETL29 


60 


80 


89 



[0 0 5 2] 



[la 1 ] **p^(^*5filiE L»^m5£itrffil*l 

[0 2] ^aKtcffifcSffi^^^BlEL^^KSJSf 
ffiH"Cfe5o 

SHfffiH"Cfc5 0 
[«F*0>R«] 

7j>i^Sp:o 

n ■ • £>«■?■ jiA^iSli^ltfiifill^^^lWSr^ 

tlfo 
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(72) mm 



